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PNEUMATIC TIRE AND TIRE-WHEEL ASSEMBLY 

[TECHNICAL FIELD] 

This invention relates to a pneumatic tire simultaneously 
establishing a noise reduction during the rotation of the tire and a 
resistance to hydroplaning and improving a resistance to uneven wear 
as well as a tire-wheel assembly. 
[BACKGROUND ART] 

'As a conventional technique improving wet performances of 
a tire and controlling an uneven wear and a tire noise, there is one 
disclosed in JP-A-10-217719. 

According to this technique, when a tire tread is virtually 
divided into an outer region directing to an outer side of a vehicle and 
an inner region directing to an inner side of the vehicle with respect to 
an equator of the tire, one longitudinal outer main groove linearly 
extending in a circumferential direction of the tire is arranged in the 
outer region and first and second longitudinal inner main grooves 
linearly extending in the circumferential direction of the tire are 
arranged in the inner region, and these longitudinal main grooves are 
asymmetric with respect to the equator of the tire, and outer slant 
grooves inclined at an angle of 45-70° with respect to the circumfer- 
ential direction are arranged at given intervals in an outer shoulder 
portion between the longitudinal main groove in the outer region and a 
ground contact end of the outer region and inner slant grooves inclined 
at an angle of 60-80° with respect to the circumferential direction and 
opposed to the outer slant grooves are arranged at given intervals in an 
inner shoulder portion between the second longitudinal inner main 
groove and a ground contact end of the inner region, and central slant 
grooves inclined at an angle of 20-45° with respect to the circumfer- 
ential direction and in the same direction as the outer slant groove are 
arranged at given intervals in a crown portion between the longitudinal 
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outer main groove and the second longitudinal inner main groove. 
Thus, the wet performances are enhanced and noise through columnar 
resonance can be reduced under the action of the one longitudinal 
outer main groove and the two longitudinal inner main grooves, and 
also premature wear at the outer region of the tire mounted onto the 
vehicle can be controlled. 

As the other conventional technique, as disclosed in JP-A- 
2000-238510, there is a pneumatic tire for a vehicle wherein a tread 
pattern is asymmetrically formed with respect to a circumferential 
direction of a tread surface and comprises outer and inner regions 
having shoulder block rows and a central region defining both sides by 
circumferential grooves belonging to the above regions, and lateral 
grooves are continued from the shoulder block row of the inner region 
to the central region, and a width of the central region in the tread 
pattern is 25-35% of a tread width, and alternating lateral grooves 
among the lateral grooves extending from the shoulder block row of 
the inner region at maximum are continued in the central region as a 
groove substantially crossing at least the central region and these 
grooves are inclined at an angle of 30° at maximum with respect to the 
equatorial line over at least 1/3 of a length of the central region. 
In this technique, the drainage property is improved by making the 
wearing of the pattern uniform as far as possible and a good influence 
is given to the noise during the rotation. 

In these tires, however, the sufficient consideration is not 
made on the resistance to hydroplaning at a road surface having a 
water depth deeper than a wet road surface. Further, since they are 
designed without considering the application of a camber angle to the 
tire when the tire is mounted onto a vehicle, the noise reduction during 
the rotation of the tire and the resistance to hydroplaning can not be 
well established in the actual running of the vehicle mounted with such 
tires, and also there is a problem that uneven wear is created in an 
inner portion of the tire mounted on the vehicle. 

The invention is to solve the above problems inherent to the 
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conventional techniques and to provide a pneumatic tire in which the 
noise reduction during the rotation of the tire and the improvement of 
the resistance to hydroplaning are simultaneously established in a 
higher dimensionality and also the resistance to uneven wear is 
effectively improved. 
[DISCLOSURE OF THE INVENTION] 

In the designing of the asymmetric tread pattern, it has 
widely and generally been conducted from the old time that the 
negative ratio is made small in an axially outer portion of the tire 
mounted on the vehicle by emphasizing the running performances of 
the tire on a dry road surface, while the negative ratio is made large in 
an axially inner side portion of the tire mounted on the vehicle for 
ensuring the wet performances. 

In the tire having a tread pattern of such a construction, 
however, when a negative camber is particularly applied to the tire in 
use, there are problems that the wearing of the tread in the axially 
inner side portion becomes violent and also the steering stability at a 
state near to a straight running state lowers and further the resistance 
to hydroplaning is not improved. 

Considering the tread wearing among them, a ground contact 
length of a shoulder portion at the axially inner side is longer than that 
of a shoulder portion at an axially outer side in the application of the 
negative camber, so that if a slight slip angle such as a toe angle or the 
like is applied to the tire, the inner shoulder portion bears too much a 
lateral force against a lateral slippage. Also, a longitudinal deflection 
at the axially inner side becomes larger than a longitudinal deflection 
at the axially outer side in the application of the negative camber and 
such a large longitudinal deflection brings about the reduction of the 
rotating radius of the tire. For this end, a small-diameter side portion 
of a ground contact face of the tread is relatively subjected to a force 
in a braking direction by dragging through a large-diameter side 
portion thereof. They result in a cause of premature wear of the tread 
at the axially inner side, or uneven wear of the tread. 
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In this case, the bearing of force becomes generally large in 
a region near to the ground contact end and a nucleus for the uneven 
wear is apt to be easily created in this region, and the thus created 
uneven wear gradually progresses toward a side of an equatorial line 
of the tire. 

On the other hand, in order to improve the steering stability 
at a running state near to a straight running state such as the running 
on an expressway or the like, it is effective to provide a tread pattern 
so that the rigidity in the widthwise direction of the tread is made 
large in each of a central portion of the tread increasing particularly a 
belt tension under the filling of an internal pressure and a portion of 
the tread particularly prolonging a ground contact length to be largely 
affected by a rigidity of the tread pattern. In case of giving the 
negative camber to the tire, a portion having a longest ground contact 
length is displaced somewhat from the tread central portion toward the 
axially inner side. In the latter case, it is preferable to form a tread 
pattern having a high rigidity in the widthwise direction extended 
between the tread central portion and the longest ground contact length 
portion, e.g. a rib. By arranging a circumferential main groove to the 
rib at the axially inner side or in the both sides of the rib is formed a 
drainage flow line substantially directing to the circumferential 
direction of the tread, whereby water on the road surface can be 
drained efficiently to advantageously prevent the occurrence of 
hydroplaning phenomenon. 

As a result of analysis through a finite element method for 
improving the resistance to hydroplaning, it is clear that a most water- 
reserving portion or a portion having a low drainage function is 
existent in a side having a long ground contact length rather than the 
tread central portion due to the fact that the longest ground contact 
length portion is displaced somewhat from the tread central portion 
toward the axially inner side in the application of the negative camber. 
Therefore, it is possible to improve the resistance to hydroplaning by 
arranging the circumferential main groove in such a portion to enhance 
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the drainage performance. 

Also, it is preferable that the drainage is conducted toward 
the outer side in both outer regions located outward from the 
circumferential main grooves. In this case, the drainage groove is 
preferable to be extended along a direction of water flow line. Since 
the flow line in the vicinity of the shoulder portion corresponding to 
the portion of the axially inner side directs toward the widthwise outer 
side at an angle of not less than 45° with respect to the widthwise 
direction of the tread, it is preferable that the drainage groove is 
formed in such a flow line direction and opened to the circumferential 
groove at least located at the widthwise outer side for more further 
improving the resistance to hydroplaning. 

In the pneumatic tire according to the invention, therefore, 
three or more circumferential main grooves asymmetrically positioned 
with respect to an equatorial line of the tire and extending linearly and 
continuously in the circumferential direction of the tread are formed in 
a ground contact face of the tread and one or more land part rows are 
formed in each of the resulting central region and both side regions, in 
which a sum of groove volume in a circumferential direction in lateral 
grooves formed in a shoulder land part row corresponding to an axially 
inner side position of the tire mounted on a vehicle per unit width is 
made smaller than a sum of groove volume in the circumferential 
direction in lateral grooves formed in a shoulder land part row 
corresponding to an axially outer side position of the tire mounted on 
the vehicle, and the land part row in the central region including the 
equatorial line of the tire or located nearest to the equatorial line is 
rendered into a rib, and a plurality of slant grooves extending at an 
average inclination angle of not less than 45° with respect to a 
widthwise direction of the tread are arranged in a second inner land 
part row located at a side of the equatorial line adjacent to a shoulder 
land part row in the axially inner side and these slant grooves are 
opened to the circumferential main groove at least located adjacent to 
the second inner land part row of the axially inner side. 
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The term "circumferential main groove" used herein means a 
groove having a groove width corresponding to not less than 2.5% of a 
tread width. 

Moreover, the term "tread width" used herein means a 
ground contact width when the tire is mounted onto an approved rim 
and filled with a defined air pressure and loaded under a mass corre- 
sponding to a maximum load capacity. In this case, the approved rim 
means a rim defined in the following standard, and the maximum load 
capacity means a maximum mass applicable to the tire in the following 
standard, and the defined air pressure means an air pressure defined in 
correspondence with the maximum load capacity in the following 
standard. 

The standard is one decided by an industrial standard 
effective in an area producing tires or using them, for example, 
"YEAR BOOK of THE TIRE AND RIM ASSOCIATION INC." in USA, 
"STANDARDS MANUAL of The European Tyre and Rim Technical 
Organization" in Europe, and "JATMA YEAR BOOK" of The Japan 
Automobile Tire Manufacturers Association Inc. in Japan. 

According to this tire, the sum of groove volume in the 
circumferential direction in the lateral grooves formed in the shoulder 
land part row corresponding to the axially inner side is made smaller 
than the sum of groove volume in the circumferential direction in the 
lateral grooves formed in the shoulder land part row corresponding to 
the axially outer side to effectively deal with the aforementioned 
causes of creating the uneven wear in case of applying the negative 
camber to the tire in use, whereby the balance of braking force and 
traction force between the axially inner side and the axially outer side 
can be enhanced to effectively improve the resistance to uneven wear. 

That is, the uneven wear resulted from the fact that the inner 
shoulder land part row bears a larger lateral force, in the application of 
the negative camber, toe angle or the like can be done by making the 
ratio of the grooves occupied in this shoulder land part row small to 
enhance the rigidity of this land part row. Also, the uneven wear 
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resulted from the fact that the rotating radius at the axially inner side 
is made small by the longitudinal deflection of the tire can be done by 
deforming the shoulder land part row in a direction of reducing the 
lateral groove width within the ground contact face to suppress the 
contraction of the rotating radius based on the fact that the total 
volume of the lateral grooves in such a land part row is made small. 

Further, when the negative camber is applied to the tire, the 
ground contact form of the tire is determined by an alignment in the 
vehicle, an internal pressure of the tire, a mass loaded and the like, 
and the land part row in the central region as a portion having a 
longest ground contact length is rendered into a rib to enhance the 
rigidity in the widthwise direction of the tread, whereby the steering 
stability can be effectively improved against the application of a 
relatively small slip angle to the tire under a running state near to the 
straight running state. 

When the negative camber is applied to such a tire, the water 
pressure distribution at the axially inner side is made higher than that 
at the axially outer side due to the fact that water on the road surface 
is easily reserved in the circumferential main groove located inward 
from the equatorial line of the tire and extending nearest to the 
equatorial line and the second land part row located adjacent to such a 
circumferential main groove at the axially inner side. 

In order to improve this problem, slant grooves guiding 
water on the road surface in a direction separating from the tread 
center are arranged in the second inner land part row and the extending 
direction of the slant grooves is made not less than 45° with respect to 
the widthwise direction of the tread in conformity with the inclination 
of the drainage flow line at the axially inner side, whereby the 
smoothness and rapidness of the drainage are guaranteed. 

When the rib of the central land part row having a high 
rigidity in the widthwise direction as mentioned above is arranged so 
as to extend between the tread central portion and the portion having a 
longest ground contact length, the belt tension in the second inner land 
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part row is smaller than that in the tread central portion and also the 
ground contact length in the inner land part row shorter than that in 
the rib and the ratio of the second inner land part row contributing to 
the steering stability is not so large, so that even if the extending angle 
of the slant grooves in the second inner land part row is made not less 
than 45° as mentioned above, it does not exert a large influence on the 
steering stability. Also, the ratio of the grooves in the shoulder land 
part row at the axially inner side is made smaller than that in the 
shoulder land part row at the axially outer side as previously mentioned, 
so that even if the extending angle of the slant groove becomes large, 
the resistance to uneven wear is not so damaged against the bearing of 
the inner shoulder land part row to force in the ground contact face. 

Furthermore, in connection with the resistance to 
hydroplaning, the drainage flow line in the shoulder land part row at 
the portion of the axially outer side extends substantially in the 
widthwise direction of the tread, so that it is preferable to extend the 
lateral grooves in the shoulder land part row as a portion of the axially 
outer side toward the flow line direction. On the other hand, in the 
shoulder land part row at a portion of the axially inner side, the 
ground contact form is rounded to effectively obstruct the penetration 
of water on the road surface into the inner side of the ground contact 
face of the tread under an action inherent to a ground contact profile 
of the tread, so that there is caused no lowering of the resistance to 
hydroplaning without arranging the lateral grooves in this row. 

Preferably, four or more circumferential main grooves are 
arranged, and a plurality of lateral grooves are arranged in a second 
outer land part row adjacent to an equatorial line side of a shoulder 
land part row at the portion of the axially outer side, wherein one end 
of each lateral groove is opened to the circumferential main groove 
and the other end thereof is terminated in the land part row. 

In order to improve the resistance to hydroplaning, it is 
preferable to make the number of the lateral grooves or the like large. 
In this case, however, it can not be avoided to increase noise due to 
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the butting of the edge of the lateral groove with the road surface 
during the running of the tire under loading. Also, if the adjoining 
circumferential main grooves are communicated with each other 
through the lateral grooves, a large columnar resonance sound common 
to both the circumferential main grooves is created. 

In the invention, therefore, one end of the lateral groove is 
opened to the circumferential main groove to ensure the excellent 
drainage performance, while the other end is terminated in the land 
part row, whereby the columnar resonance frequency of each circum- 
ferential main groove is separated to disperse peak values of the 
resonance sound and the butting length of the edge of the lateral 
groove with the road surface is reduced to realize the reduction of the 
noise. 

Also, it is preferable that a circumferential fine groove 
having a groove width corresponding to less than 2.5% of a tread 
width is arranged in the shoulder land part row being the axially inner 
side to divide the shoulder land part row into two parts, and an average 
inclination angle of the lateral groove arranged in the shoulder land 
part row being the axially outer side with respect to the widthwise 
direction of the tread is made not more than 15°. 

In this case, a portion of the inner shoulder land part row in 
the vicinity of the ground contact end easily tending to cause the 
uneven wear is separated from the other portion of this shoulder land 
part row by the circumferential fine groove, whereby the progress of 
the uneven wear generated in the portion near to the ground contact 
end to the other portion of the shoulder land part row can be 
suppressed advantageously. 

As a result of the analysis on the resistance to hydroplaning, 
it is clear that the position of the drainage flow line directing to the 
circumferential direction of the tread is displaced from the tread 
central portion toward the inner shoulder side in the application of the 
negative camber as compared with the case of applying no negative 
camber, while the ground contact profile is rounded at the side of short 
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ground contact length and is effective in the drainage toward the outer 
side in the widthwise direction of the tread, and the extending 
direction of the drainage flow line in the outer shoulder land part row 
is not more than 15° with respect to the widthwise direction of the 
tread. In the invention, therefore, the extending direction of the 
lateral groove in the outer shoulder land part row is made not more 
than 15° with respect to the widthwise direction of the tread to 
enhance the drainage efficiency and ensure the improvement of the 
resistance to hydroplaning. 

On the other hand, the widthwise rigidity of the shoulder 
land part row being the axially outer side of shorter ground contact 
length largely affects the steering stability in the application of a 
relatively large slip angle as particularly exemplified by the running 
on mountain path. In this case, therefore, an average angle of the 
lateral groove formed in the shoulder land part row is made not more 
than 15° with respect to the widthwise direction of the tread to 
suppress the lowering of the widthwise rigidity of such a land part row, 
whereby the excellent wear resistance is provided while ensuring the 
high steering stability. 

Preferably, the shoulder land part row as a portion of the 
axially inner side is divided into tow parts in the widthwise direction 
by a fine groove extending in the circumferential direction, and one 
divided portion located at the side of tread end is a narrow-width rib, 
and a plurality of small holes separated from the groove are arranged 
in the other wide-width divided portion which may be provided with 
the lateral grooves. 

For example, when a load is applied to the tire at a state of 
giving the negative camber angle to the tire, the ground contact length 
at the ground contact face of the tread in the circumferential direction 
of the tread becomes longer in the portion of the axially inner side and 
shorter in the outer portion as a standard of tire posture at a camber 
angle of zero, and the wheel rim is approached to the road surface to 
make a rotating radius small in the axially inner side increasing the 
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ground contact length and the rotating radius is made large in the 
axially outer side decreasing the ground contact length, so that there is 
a problem that a relative force in a braking direction is applied to the 
portion of the axially inner side to cause a premature wear, for 
example, at a state of straight running the vehicle. As a conventional 
technique for suppressing such a premature wear, JP-A-2001-354010 
discloses that the rigidity of the shoulder land part at the axially inner 
side in the circumferential direction of the tire mounted onto the 
vehicle set to the negative camber is made larger than the rigidity of 
the shoulder land part at the axially outer side in the circumferential 
direction of the tire to enhance the wear resistance in the braking 
direction of the shoulder land part at the axially inner side or at the 
side increasing the ground contact length. 

However, it has newly been found that according to only this 
construction, when force applied to the tire from a lateral direction 
thereof is increased by cornering or the like, the ground contact 
pressure of the shoulder land part increasing the rigidity in the 
circumferential direction becomes large and a nucleus for the uneven 
wear is easily created at this part. 

On the contrary, the shoulder land part row at the axially 
inner side is divided into two parts in the widthwise direction by the 
fine groove extending in the circumferential direction and one narrow- 
width divided part located at the side of the tread end is acted as a 
wear-sacrificing portion as mentioned above, whereby the progress of 
the wear created at this part toward the other wide-width divided part 
located at the side of the tread center can be advantageously suppressed 
to protect the wide-width divided part from the premature wear. 

Also, a plurality of small holes separated from the groove 
are formed in the wide-width divided part to reduce shearing rigidity 
of such a divided part at the ground contact face in all directions, 
whereby the bearing of force under a high flexibility can be 
advantageously decreased to advantageously mitigate the premature 
wear even if the wide-width divided part is dragged into the braking 
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direction or even if an input of lateral force to such a part is increased. 

In such a tire, when the groove width of the circumferential 
fine groove formed in the shoulder land part row of the axially inner 
side is gradually or stepwise widened at a side of the tread surface as 
compared with the groove bottom, even if foreign matters such as 
pebbles and the like on the road surface are bitten into the fine groove, 
the getting-off of the foreign matter from the fine groove is facilitated, 
whereby it is effectively prevented to create the uneven wear resulted 
from the running of the tire at a state of biting the foreign matter in 
the fine groove under loading in the other part divided by the fine 
groove and located at the equatorial line side of the tire. 

Also, when a total volume of plural small holes formed in 
the wide-width divided part at the shoulder land part row of the axially 
inner side in the circumferential direction of the tread is made larger 
at a side of the fine groove than at a side of the equatorial line of the 
tire, as the bearing of lateral force becomes large near to the ground 
contact end, the rigidity of the wide-width divided part is reduced to 
receive an input of the force on a wider region, whereby the 
deformation can be decreased to effectively prevent the wearing of 
such a divided part. Also, the high steering stability and the tread 
durability can be ensured as compared with the case that the total 
volume of small holes is made large over the whole of the wide-width 
divided part. 

In this case, the change in the total volume of small holes 
can be realized, for example, by changing an opening size or depth of 
the small hole, by changing an arranging pitch of the small holes or 
the like. 

On the other hand, when the tread structure including the 
small hole forming region for the wide-width divided part is a tread 
structure that the wide-width divided part provided with the small 
holes is contacted in at least a part of the small hole forming region 
with ground at a posture of applying a camber angle of -0.5 under an 
action of a load corresponding to 40% of a maximum load capacity, 
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even if the load becomes small and the ground contact width becomes 
narrow in the rear wheeled tire as compared with the front wheeled tire 
in the braking of FF vehicle, the effect of reducing the rigidity under 
the action of the small holes can be developed effectively. 

Also, when a side face of a narrow-width rib formed by 
dividing the shoulder land part row of the axially inner side through 
the circumferential fine groove and located at the side of the tread end 
is a concave curved form having a center of curvature at the outer side 
of cross sectional profile line, the wearing volume of the narrow-width 
rib as a wear sacrificing portion can be reduced to suppress the change 
of appearance to a new tire small and improve the wearing appearance. 

In such a tire, it is preferable that a center line of a rib as a 
land part row of a central region located nearest to the equatorial line 
of the tire is positioned toward the axially inner side with respect to 
the equatorial line and a plurality of widthwise fine grooves extending 
obliquely with respect to the widthwise direction of the tread are 
arranged in such a rib. 

In this case, it is preferable that the inclination angle of the 
widthwise fine groove is an average angle of 5-55° and a groove width 
thereof is not more than 2 mm. 

In order to improve the griping force and steering stability 
on a road surface in case of running on a dry road surface at a high 
speed or the like, it is preferable to arrange a land part row such as a 
rib being high in the rigidity in the widthwise direction of the tread 
and capable of rapidly and surely transmitting the input to a high 
tension portion of a belt in the tire between a tread central portion 
becoming largest in a tension of the belt having a so-called hoop effect 
to bring about a high rigidity of the tread and a portion being longest 
in the ground contact length of the tread, or at a position extending 
between both the portions. 

In such a rib, however, when the escape deformation of the 
tread rubber in the circumferential direction is not allowed, the uneven 
wear is caused in this rib. In the invention, therefore, the widthwise 



-13- 



03859 (PCT/JP03/11162) 

fine grooves having a width of not more than 2 mm and an extending 
angle of 5-55° are formed in the rib as a land part row so as to allow a 
proper escape deformation in the circumferential direction while 
ensuring the rigidity in the widthwise direction of the tread. 

The reason why the groove width is limited to not more than 
2 mm is due to the fact that a slight groove width is enough to absorb 
the escape deformation of rubber in the circumferential direction and 
if it exceeds 2 mm, the pattern noise increases but also the lowering of 
the rigidity in the widthwise direction of the rib becomes large. Also, 
when the angle of the fine groove is less than 5°, it is not avoided to 
increase the pattern noise due to the impact contact of the groove edge 
with the road surface, while the upper limit of 55° is due to the fact 
that when it exceeds 55°, the rigidity in the widthwise direction of the 
rib becomes too low. 

Preferably, the widthwise fine groove is formed so as to 
incline in a depth direction in form of a flat face, a curved face or the 
like provided that the fine groove is separated away from each other in 
a groove width direction, a circumferential direction of the tread or the 
like around a middle portion of the extending direction of the fine 
groove. In this case, the number of the flat faces or the like inclined 
in a direction of separating from each other may be three or more per 
one fine groove. 

According to this construction, the escape deformation of 
rubber in the circumferential direction is sufficiently allowed in the 
presence of the fine groove having a given groove width, while the 
fine groove is mutually interfered at the side of the groove bottom 
rather than the opening position in the widthwise direction of the tread, 
whereby the lowering of the rigidity of the land part row as a rib in the 
widthwise direction can be prevented effectively. 

At least a part of the plural widthwise fine grooves can be 
terminated in the rib as a land part row at both ends of the extending 
direction, whereby the steering stability can be more improved while 
keeping the rigidity in the widthwise direction of the rib at a high level. 
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That is, the allowance of the escape deformation of rubber in 
the circumferential direction is particularly required at a widthwise 
central portion of the rib having no escape of rubber, so that even if 
the widthwise fine groove is extended in this portion, the escape 
deformation of rubber in an axially outer side direction of the rib is 
possible in the vicinity of the side wall of the rib. On the other hand, 
since the widthwise rigidity in the vicinity of the side wall of the rib is 
low, the widthwise fine groove is removed from the vicinity of the side 
wall, whereby the escape deformation of rubber in the circumferential 
direction can be allowed while suppressing the lowering of the 
widthwise rigidity of the rib. 

Furthermore, it is preferable that a center line of a rib as a 
land part row of a central region located nearest to the equatorial line 
of the tire is positioned toward the axially inner side with respect to 
the equatorial line and a plurality of recesses having substantially an 
ellipsoidal form inclusive of oval form or the like are arranged in such 
a rib instead of the aforementioned widthwise fine grooves, and a 
major axis of each of recess is extended at an angle of 5-45° with 
respect to the widthwise direction of the tread, and a side of a shoulder 
land part row located at the axially inner side of the rib is defined by a 
circumferential main groove extending straightforward. 

In order to prevent the wearing of the rib in the vicinity of 
the equatorial line, it is sufficient to dispose a slight space in the rib 
so as to form the escape site of rubber in the circumferential direction 
as previously mentioned. In the central portion of the rib having no 
escape side of rubber and being less in the contribution to the 
widthwise rigidity is arranged the recess having substantially an 
ellipsoidal form instead of the widthwise fine groove, whereby the 
widthwise rigidity is ensured while forming the escape site of rubber. 

When the direction of the major axis in the recess is less 
than 5° with respect to the widthwise direction of the tire, the pattern 
noise becomes too large, while when it exceeds 45°, the widthwise 
rigidity of the rib too lowers. 
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Also, the circumferential main groove defining the rib at the 
side of the shoulder land part row of the axially inner side is rendered 
into a straight groove, whereby the high resistance to hydroplaning can 
be produced. 

When a sipe opening to the side wall of the rib is disposed in 
at least a part of the plural recesses having substantially an ellipsoidal 
form so as to extend in the major axis direction of the recess, air 
sealed and compressed in the recess during the contacting with ground 
can be discharged toward an exterior through the sipe, so that it can be 
prevented to make a sound by releasing air sealed in the recess and 
having a high compression pressure from such a recess in the trailing. 

Further, it is preferable that a rib of a land part row of a 
central region located nearest to the equatorial line of the tire is 
defined by a pair of straight extending circumferential main grooves 
and a groove width of a circumferential main groove located at a side 
of the shoulder land part row of the axially inner side is made wider 
than a groove width of a circumferential main groove located at a side 
of the shoulder land part row of the axially outer side. 

Considering the difference in the ground contact form of the 
tread resulted from the difference of aspect ratio or the like of the tire, 
there is a knowledge that when a maximum width and a maximum 
length of the ground contact form are compared with each other in the 
actual running of the tire under loading, if the maximum width is larger 
than the maximum length, the circumferential main groove drains a 
greater amount of water as compared with the case that the ground 
contact length becomes large. According to this knowledge, when the 
maximum width is larger than the maximum length as in the former case, 
the drainage property can be enhanced to improve the resistance to 
hydroplaning, for example, by arranging a greater number of the circum- 
ferential grooves in the tread central portion wherein the flow line 
direction of the drainage is substantially the circumferential direction. 

Now, it is known that the circumferential main groove forms 
a columnar tube equal to the ground contact length in the ground 



- 16- 



03859 (PCT/JP03/11162) 



contact face to result in the occurrence of columnar resonance sound. 
The magnification of the columnar resonance sound differs in 
accordance with the position in the widthwise direction of the tread 
even if the size of the columnar tube is same. There is newly 
obtained a knowledge that when the columnar resonance sound at the 
axially inner side in which the ground contact length of the tread 
becomes long under the application of negative camber bordering the 
tread center position is reduced at a greater ratio as compared with the 
increasing ratio of the columnar resonance sound at the axially outer 
side in which the ground contact length becomes shorter toward the 
side of the tread end. In the invention, the width of the circumfer- 
ential main groove located at the side of the shoulder land part row in 
the axially inner side in which the ground contact length of the tread 
becomes long is made wider than that of the other circumferential main 
groove, whereby the improvement of the resistance to hydroplaning is 
produced while suppressing the occurrence of the resonance sound. 

In the tire as mentioned above, when each block defined by 
the lateral grooves in the shoulder land part row at the portion of the 
axially outer side is provided with a peripheral upheaved portion 
gradually decreasing a surface height toward at least one of a side 
edge of the block and a central region of the block, the further 
improvement of the steering performance can be realized. 

When the tire comprising the blocks provided with the 
peripheral upheaved portion is run under loading without applying the 
camber angle, a slant upheaved face of the peripheral upheaved portion 
is impact-contacted with the road surface in the leading of the block to 
create a large impact sound. 

However, when the peripheral upheaved portion as mentioned 
above is formed in the shoulder block of the axially outer side in the 
tire used under an application of the negative camber, since the 
bearing of load by the outer shoulder block is less during the straight 
running, the increase of noise resulted from the presence of the 
peripheral upheaved portion can be prevented effectively. 



- 17- 



03859 (PCT/JP03/11162) 



On the other hand, when the slip angle is applied to the tire 
for the steering, the shoulder portion of the axially outer side is 
contacted with ground to increase the ground contact pressure of this 
portion irrespectively of the presence or absence of the negative 
camber, so that the peripheral upheaved portion can uniformize the 
ground contact pressure distribution of the block under an action 
inherent to the block. In the application of the slip angle, the noise 
due to the slipping of the block becomes predominant and the 
influence of the noise due to the impact of the block onto the road 
surface becomes relatively small, so that the steering performance can 
be effectively improved by arranging the peripheral upheaved portions 
without increasing the noise. 

Preferably, each of leading edge height and trailing edge 
height in the blocks defined by the slant grooves in at least second 
inner land part row is varied in the widthwise direction of the tread, 
while each high height portion is extended in the circumferential 
direction of the tread while changing positions in the widthwise 
direction of the tread in accordance with the positions in the 
circumferential direction. 

In case of applying the negative camber to the tire, the 
ground contact length becomes short and the ground contact pressure 
becomes low in the portion of the axially outer side, so that the 
occurrence of strike sound resulted from the impact contact of the 
block with the road surface is relatively less in such outer side portion, 
while the ground contact length and ground contact pressure become 
large in the portion of the axially inner side and the ratio of creating 
the strike sound becomes large. In this case, since the land part row 
in the central region is the rib, there is no occurrence of noise due to 
the impact contact of the block, and also the inner shoulder land part 
row is generally less in the number of the lateral grooves and small in 
the ratio of creating the strike sound, while the noise created in the 
blocks defined by the slant grooves in the second inner land part row 
becomes large. 
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In the invention, therefore, each of leading edge height and 
trailing edge height in the blocks defined by the slant grooves in at 
least second inner land part row are varied in the widthwise direction 
of the tread, while each high height portion is extended in the 
circumferential direction of the tread while changing positions in the 
widthwise direction of the tread in accordance with the positions in the 
circumferential direction. Thus, firstly, the impact contact of the 
leading edge with the road surface is gradually carried out for quite a 
long time to disperse the impact contact force with time, whereby the 
occurrence of strike noise at an initial contact stage of the block is 
mitigated. Secondly, the trailing edge is gradually separated apart 
from the road surface for quite a long time to suppress the occurrence 
of the noise at the last contact stage. Thirdly, the compression force 
produced in the block during the running of the tire is dispersedly 
supported with the whole of the block by changing positions in the 
tread widthwise direction of each of the high height portions extending 
in the circumferential direction of the tread in accordance with the 
circumferential positions, whereby noise level produced by the block 
can be suppressed. 

In other words, when the high height portion is not changed 
in the widthwise direction, a large compression stress is locally 
applied to only a high height portion of the block and an input level 
becomes large. 

In addition to these facts, when each of the high height 
portions extending in the circumferential direction of the tread is 
continued in the circumferential direction of the tread, the noise level 
can be suppressed to a low level over a full time ranging from the 
contact of the block with the road surface to the separation from the 
road surface. 

Also, it is preferable that an acute angle corner of a block or 
the like defined by at least one of the lateral grooves and slant grooves 
extending at an average angle of not less than 45° with respect to the 
widthwise direction of the tread is provided with a slant face of a flat 
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face, a convex face or the like gradually reducing a height toward a 
tapered end. 

In the second inner land part row arranged adjacent to the rib 
as the land part row of the central region and provided with the slant 
grooves for improving the drainage performance, it is effective to 
make the rigidity of the block in the widthwise direction large for 
enhancing the steering stability. That is, it is advantageous to make 
the rigidity difference to the rib in the second inner land part row 
adjacent to the rib for approaching the increase of cornering force 
accompanied with the increase of the slip angle applied to the tire to a 
linear form. In this case, the slant face is formed on the block in the 
second inner land part row, whereby the rigidity of the block in the 
widthwise direction of the tread is enhanced and also the more 
improvement of the drainage performance is ensured. 

When a projection part projecting into the groove is disposed 
in a groove wall of the circumferential main groove opposite to a 
groove wall opening to at least one of the lateral groove and the slant 
groove at a groove opening position and a position opposite to the 
widthwise direction of the tread, as regards the strike sound created 
resulting from the side edge of the land part having a rigidity higher 
than that of a groove portion such as lateral groove or the like, the 
lowering of the rigidity in the groove portion such as the lateral groove 
or the like is effectively supplemented by the projection portion 
projecting into the circumferential main groove to mitigate the rigidity 
difference between the rigidity of a portion forming the groove portion 
and the rigidity of the land part such as block or the like, whereby the 
strike sound as mentioned above can be advantageously suppressed, 
which is true independently of the application of the negative camber 
to the tire. 

Furthermore, it is preferable that the groove depth of the 
slant groove arranged in the second inner land part row and extending 
at an average angle of not less than 45° with respect to the widthwise 
direction of the tread is deepened gradually or stepwise from a side of 
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the equatorial line of the tire toward a side of the tread end. 

In order to improve the drainage efficiency by the slant 
groove arranged in the second inner land part row and contributing to 
the improvement of the drainage performance, it is preferable to 
gradually increase the cross sectional area of the slant groove toward 
the side of the tread end or render into a sufficiently large constant 
value. However, in order to contribute the second inner land part row 
adjacent to the land part row of the central region to the improvement 
of the steering stability, it is effective to ensure the rigidity of the 
block or the like in this land part row in the widthwise direction of the 
tread at a large value as previously mentioned. In the invention, 
therefore, for the purpose of simultaneously establishing the resistance 
to hydroplaning and the steering stability at a high dimension, the 
groove depth of the slant groove is made shallow at the side of the 
equatorial line and deepened therefrom toward the side of the tread 
end, whereby the cross sectional area is increased toward the side of 
the tread end. 

Now, the extending directions of the slant grooves formed in 
the second inner land part row with respect to the equatorial line of the 
tire may be the same or may be alternately opposite to each other in 
the circumferential direction of the tread. 

In case of applying the negative camber to the tire, the slant 
grooves in the second land part row largely contribute to the improve- 
ment of the drainage performance as previously mentioned. When the 
tread pattern is a directional pattern specifying the rotating direction, 
the function expected by the slant groove can be sufficiently developed 
in the former case that the extending direction of the slant groove with 
respect to the equatorial line of the tire is rendered into a given 
constant direction. 

However, when the tread pattern is a non-direction pattern, 
the right and left wheeled tires are relatively rotated in opposite 
directions. In the tire having such a pattern, therefore, it is 
preferable that the extending directions of the slant grooves are made 



-21- 



03859 (PCT/JP03/11162) 



alternately opposite directions with respect to the equatorial line of the 
tire in the circumferential direction of the tread as in the latter case 
for ensuring the excellent drainage performance even in the rotation of 
any directions. 

Further, it is preferable that an integral value of the rigidity 
in the widthwise direction of the tread over a full ground contact 
length in each of the land part rows defined by the circumferential 
main grooves is within a range of 50% from a large value between 
mutually adjacent land part rows. 

In this case, the rigidity of the shoulder land part row of the 
axially inner side divided by the circumferential fine groove into two 
parts in the widthwise direction is defined as a rigidity of only the 
wide-width divided portion located from the fine groove toward the 
center. 

The term "integral value over full contact length" used 
herein can be determined, for example, by measuring a sum of 
widthwise rigidity of each land part row defined by the circumferential 
grooves over a full periphery of the tread, and dividing the ground 
contact length of such a land part row in the actual mounting by a 
peripheral length of the land part row after the filling of an air 
pressure and multiplying the resulting divided value to the above sum. 

More concretely, when one land part row is comprised of, for 
example, 60 mono-pitch blocks, the integral value over the full ground 
contact length can be determined by measuring the widthwise rigidity 
of one block, multiplying the measured value to 60 times to determine 
a sum of the rigidity, and multiplying the sum to (number of blocks 
contacted with ground/60). On the other hand, when the land part 
row is comprised of variable-pitch blocks, the sum of rigidity can be 
determined by measuring the widthwise rigidity of the block having 
each size, multiplying the number of blocks having each size over the 
periphery thereto, and adding values of rigidities every each size. 

In order to improve the steering performance, it is important 
that the cornering force produced by applying the slip angle to the tire 
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is large but also such a cornering force increases at a state near to 
linearity accompanied with the increase the slip angle. 

When an internal pressure is filled in a tire having a sectional 
shape and structure symmetrical with respect to an equatorial plane, a 
belt tension on the equatorial plane becomes frequently highest and 
also the rigidity of the tread becomes maximum at this portion based 
on such a belt tension. In the straight running of a vehicle under a 
condition of applying no camber to the tire, a longest portion of the 
ground contact length positions on the equatorial plane. Therefore, 
both the belt rigidity and ground contact length become maximum on 
the equatorial plane, and hence the tread portion on the equatorial 
plane is a portion producing a maximum cornering force. 

On the other hand, the maximum portion of the ground 
contact length is not coincident with the equatorial plane of the tire in 
the straight running under a condition of applying the negative camber. 
In this case, if the rigidities of the land parts in the tread are the same, 
a portion having a long ground contact length can produce a large 
cornering force. Also, when the slip angle starts to increase from the 
straight running provided with the camber, it is clear from detailed 
observations that a portion producing a greatest cornering force is 
existent between a portion having a maximum belt tension and a 
portion having a longest ground contact length. 

As the slip angle is further increased, the longest portion of 
the ground contact length moves toward the outer side of the cornering 
and the bearing of load at the outer side of the cornering becomes 
large. In this case, the amount generating the cornering force of the 
tire at the outer side position of the cornering increases together with 
the increase of the ground contact length and the increase of the load 
bearing. 

Also, such a cornering force is changed due to the fact that 
the rigidity of each land part row in the widthwise direction of the 
tread differs in accordance with the widthwise position of the tread. 

For this end, there is examined the relation between the 
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change of the rigidity of the land part row in the widthwise direction 
of the tread and the change of the cornering force. As a result, it has 
been found that the lowering of the rigidity of the land part row in the 
widthwise direction generally brings about the lowering of the 
cornering force, while when the lowering of the rigidity between the 
mutually adjoining land part rows is within 50%, the ground contact 
length of the land part row is prolonged by the distortion change of 
such a land part row in the application of the slip angle to the tire and 
hence the lowering of the rigidity is compensated by the increase of 
the ground contact length and the cornering force can be kept 
substantially at a constant level. On the other hand, when the 
lowering of the rigidity exceeds 50%, it is impossible to produce the 
increase of the ground contact length coincident with the lowering of 
the rigidity. 

In the invention, therefore, the difference of the rigidity in 
the widthwise direction of the tread between the mutually adjoining 
land part rows is within 50% of a larger value in order to realize 
substantially a linear increase of the cornering force accompanied with 
the increase of the slip angle. 

At a state that the aforementioned tire is mounted onto an 
approved rim and inflated under a normal air pressure and loaded 
under a mass corresponding to the maximum load capacity, an 
effective ground contact area at either axially inner side or axially 
outer side is larger than that at the remaining other side, and a radial 
distance from a tangential line on the outer side surface of the tread 
perpendicular to the equatorial plane of the tire up to the ground 
contact edge of the tread at a posture of filling the normal air pressure 
is made larger at the mounting side having a small effective ground 
contact area than at the other mounting side. This is preferable in a 
point of controlling conicity force easily produced in a tire of 
asymmetric pattern. In this case, it is more preferable that the 
relation between a ratio of small and large effective ground contact 
areas (S-large/S-small) and a ratio of large and small radial distance 
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(H-large/H-small) satisfies S-large/S-small = A x (H-large/H-small) 
wherein A is 1.0-1.4. 

In the cornering of the vehicle, it is widely performed that 
the rigidity of the land part at the axially outer side of the tread in the 
tire existing at the outer side of the cornering, in which the load 
particularly becomes large and the ground contact area increases, is 
made larger than that at the axially inner side to enhance the cornering 
force. As a concrete construction therefor, it is general that the 
negative ratio at the axially outer side is made small to enhance the 
rigidity of the land part, while the negative ratio at the axially inner 
side is made large to ensure the drainage property. 

However, when adopting so-called asymmetric tread pattern 
having such a construction, it is revealed that the ground contact area 
at the axially outer side is made larger than that at the axially inner 
side, so that the widthwise shearing force of the tread contacting face 
subjected from the road surface in the ground contact face of the tire 
largely differs between the axially inner side and the axially outer side 
in the straight running of the vehicle, and such a difference causes the 
occurrence of conicity force as in the application of the camber angle 
to the tire to thereby generate lateral force directing to the axially 
outer side in the tire. 

As a result of various examinations on the conicity force, it 
has been found that the widthwise shearing force generated in the tread 
ground contacting face is largest in the tread shoulder portion and such 
a shearing force becomes large as the separating distance of the tread 
ground contacting face from the equatorial line of the tire becomes 
large and is very sensitive to the separating distance. 

In the asymmetric tread pattern wherein the effective ground 
contact area at either axially inner side or axially outer side is made 
larger than that at the other position, therefore, the radial distance of 
from the tangential line on the outer side surface of the tread perpen- 
dicular to the equatorial plane of the tire up to the ground contact edge 
of the tread is made larger at the mounting side having a small radial 
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distance that that at the other mounting side, whereby the widthwise 
shearing force produced in the tread shoulder portion at the side 
having a large radial distance is contributed to offset the conicity force 
generated at the side having the large effective ground contact area 
and particularly improve the steering stability at a small steering angle. 

In this case, it is preferable that the conicity force is more 
effectively offset when the relation between a ratio of small and large 
effective ground contact areas (S-large/S-small) and a ratio of large 
and small radial distance (H-large/H-small) satisfies S-large/S-small = 
A x (H-large/H-small) wherein A is 1.0-1.4. 

When A is less than 1.0, the conicity force in the opposite 
direction is easily generated, while when it exceeds 1.4, the offset 
effect of the conicity becomes small. 

On the other hand, the invention is made for effectively 
controlling the transmission of an input from the road surface to the 
tire into a wheel shaft when a connecting portion between a rim and a 
disc of the wheel locates at an outer side of the vehicle mounted with 
respect to the equatorial plane of the tire mounted onto the rim. 

When the connecting portion between the rim and the disc 
locates at the outer side of the vehicle with respect to the equatorial 
plane of the tire, a portion of the rim protruding in an inner side 
direction of the vehicle has a structure as cantilevered by the disc 
viewing at a radial section of the wheel, so that the rigidity of the 
wheel particularly becomes low against a radial input from the side of 
the tire to a bead seat of the rim located at the inner side of the vehicle 
and such a radial input particularly causes a large deformation of the 
wheel itself and such a deformation of the wheel is transmitted to a 
wheel shaft, which is a cause of vibrations on the wheel shaft or the 
like. Therefore, it is required to control the transmission of the input 
from the road surface into the rim in tires, particularly a tire wherein 
the ground contact pressure and ground contact length become large at 
the axially inner side in the application of the negative camber. 

In the tire-wheel assembly according to the invention, 
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therefore, the connecting portion between the rim and the disc of the 
wheel is located toward the outer side of the vehicle to be mounted 
with respect to the equatorial plane of the tire when the wheel is 
assembled with the aforementioned pneumatic tire, particularly the tire 
wherein the shoulder land part row at the axially inner side is 
widthwisely divided into two parts through the fine groove extending 
in the circumferential direction and the divided part located at the side 
of the tread end is a narrow-width rib and a plurality of small holes 
separated from the groove are formed in the other wide-width divided 
part which may be provided with the lateral grooves. 

As a result of main studies on solid propagation sound for the 
purpose of enhancing the silentness in the vehicle interior, it is clear 
that vibrations of the wheel largely exerts on the solid propagation 
sound, which has hitherto been considered to be mainly elastic vibra- 
tions of the tire consisting of an elastomer such as rubber or the like. 

As to the tire vibrations transmitted from the tread portion of 
the tire through a pair of sidewall portions, a pair of bead portions and 
the wheel toward the vehicle body, as the transmission ratio from each 
sidewall portion to the wheel is examined, there is frequently caused a 
difference between the transmission ratio through the rim end located 
at the front side of the wheel disc and the vibration transmission ratio 
through the rim end located at the rear side of the wheel disc, and it 
has been confirmed that which side of easily causing wheel shaft 
vibrations is determined by the connecting position between the rim 
and the disc in the wheel irrespectively of an offset amount of the 
wheel disc with respect to the rim and hence the equatorial plane of 
the tire. For example, when the connecting position is existent from 
the equatorial plane of the tire toward the axially outer side, vibrations 
at the axially inner side easily generate vibrations in the wheel shaft. 

Therefore, in the shoulder land part row located at the axially 
inner side of the tire, the compression rigidity is decreased by the 
small holes to reduce reaction force against an input from irregularity 
of the road surface or the like to the tire, whereby the transmission of 
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vibrations to the wheel shaft can be suppressed to enhance the 
silentness of the vehicle interior. On the other hand, even if the 
rigidity is large and the reaction force against the input to the tire 
becomes large in the shoulder land part row located at the axially outer 
side, the transmission ratio of vibrations from the wheel to the wheel 
shaft is low in this portion, so that the vibrations of the wheel shaft 
becomes not large and the silentness is not damaged. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

FIG. 1 is a developed view of a tread pattern illustrating an 
embodiment of the invention. 

FIG. 2 is a developed view of an other tread pattern. 

FIG. 3 is a developed view of further other tread pattern. 

FIG. 4 is a view showing a modified example of total volume 
of small holes. 

FIG. 5 is a schematic view showing an example of forming a 
circumferential fine groove and a profile form of a side face of a 
narrow-width rib at a side of a tread end. 

FIG. 6 is a schematic view illustrating a profile form of a 
ground contact face. 

FIG. 7 is a developed view of a tread pattern illustrating 
another embodiment of the invention. 

FIG. 8 is a plan view illustrating an example of forming 
widthwise fine grooves in a land part row of a central region. 

FIG. 9 is a view showing a relative relation of a width of a 
circumferential main groove. 

FIG. 10 is a view illustrating an example of forming recesses 
in a land part row of a central region. 

FIG. 11 is a section view in a widthwise direction of a block 
illustrating peripheral upheaved portions. 

FIG. 12 is a developed view of a tread pattern showing the 
other embodiment. 

FIG. 13 is a perspective view showing an example of forming 
a high height portion in a block of a second inner side land part row. 
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FIG. 14 is a developed view of a tread pattern showing the 
other embodiment. 

FIG. 15 is a developed view showing a further embodiment. 

FIG. 16 is a view illustrating a still further embodiment. 

FIG. 17 is a developed view of a tread pattern showing a yet 
further embodiment. 

FIG. 18 is a schematic view showing integral value of 
widthwise rigidity in each land part row over a whole of a ground 
contact length by an index. 

FIG. 19 is a developed view of a tread pattern showing an 
other embodiment. 

FIG. 20 is a view illustrating a modified example of a tread 

pattern. 

FIG. 21 is a schematic view showing a tire construction for 
suppressing conicity force. 

FIG. 22 is a section view of a main part showing an 
embodiment of the tire-wheel assembly. 

FIG. 23 is a developed view of a tread pattern in a tire of 
Comparative Example 1. 

FIG. 24 is a developed view of a tread pattern in a tire of 
Comparative Example 2. 

FIG. 25 is a developed view of a tread pattern in a tire of 
Example 2. 

FIG. 26 is a developed view of a tread pattern in a tire of 
Comparative Example 6. 

FIG. 27 is a developed view of a tread pattern in a tire of 
Comparative Example 7. 

FIG. 28 is a developed view of a tread pattern in a tire of 
Examples 13 and 16. 

FIG. 29 is a developed view of a tread pattern in a tire of 
Example 14. 

FIG. 30 is a developed view of a tread pattern in a tire of 
Examples 15 and 17. 
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FIG. 31 is a developed view of a tread pattern in a tire of 
Example 18. 

FIG. 32 is a developed view of a tread pattern in a tire of 
Example 19. 

FIG. 33 is a developed view of a tread pattern in a tire of 
Example 20. 

FIG. 34 is a developed view of a tread pattern in a tire of 
Example 21. 

FIG. 35 is a developed view of a tread pattern in a tire of 
Example 5. 

FIG. 36 is a developed view of a tread pattern in a tire of 
Example 22. 

FIG. 37 is a developed view of a tread pattern in a tire of 
Comparative Example 10. 

[BEST MODE FOR CARRYING OUT THE INVENTION] 

In a developed view of a tread pattern shown in FIG. 1, E is 
an equatorial line of a tire. 

Moreover, the internal structure of this tire is the same as in 
a general radial tire, and an illustration thereof is omitted here. 

In a tread contacting face 1 are formed four circumferential 
main grooves 2, 3, 4, 5, which are located asymmetrically with respect 
to the equatorial line E of the tire and extend linearly and continuously 
in a circumferential direction, whereby there are defined one central 
region land part row located nearest to an equatorial line E and 
adjacent to a left side of the main groove inclusive of the equatorial 
line E in this figure, and two land part rows consisting of a shoulder 
land part row 7 located at a side of a tread end and a second inner land 
part row 8 located between the shoulder land part row 7 and the central 
region land part row 6 in a left-half side region of the figure being an 
axially inner side mounted onto a vehicle, and two side region land 
part rows consisting of a shoulder land part row 9 and a second outer 
land part row 10 located between the shoulder land part row 9 and the 
central region land part row 6 in a right-half portion of the figure 
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being an axially outer side. 

In the illustrated embodiment, the central region land part 
row 6 and the shoulder land part row 7 at the axially inner side are 
rendered into ribs, respectively, and the shoulder land part row 9 at the 
axially outer side is rendered into a block row consisting of blocks 12 
defined by lateral grooves 11 extending at an average angle of prefer- 
ably not more than 15° with respect to a widthwise direction of the 
tread, while a sum of groove volume in the circumferential direction 
per unit width of lateral grooves, which may be formed in the shoulder 
land part row 7 of the axially inner side, is made smaller than a sum of 
groove volume in the circumferential direction of the lateral grooves 
11 formed in the shoulder land part row 9 of the axially outer side. 

In the second inner land part row 8 are arranged a plurality 
of slant grooves 13 extending at an average extending angle of not less 
than 45° with respect to the widthwise direction of the tread in the 
same extending direction as the lateral grooves 11, and these slant 
grooves 13 are opened at least to the circumferential main groove 2 
located at the side of the shoulder land part row of the axially inner 
side. Therefore, the other end of the slant groove 13 may be 
terminated in the land part row as shown in the figure, or may be 
opened to the circumferential main groove 3 located at the side of the 
central region land part row. 

In the second outer land part row 10 are arranged a plurality 
of lateral grooves 14 extending in the same direction as in the lateral 
grooves 11 and the slant grooves 13 and opening to the adjoining 
circumferential main grooves 4, 5, respectively, whereby the land part 
row 10 is rendered into a block row consisting of blocks 15. 

Moreover, the lateral groove 14 may be opened at either one 
end to the circumferential main groove and terminated at the other end 
in the land part row. In this case, as shown in FIG. 2, it may be 
opened to the circumferential main groove 5 located at the side of the 
shoulder land part row of the axially outer side or may be inversely 
opened to only the circumferential main groove 4. 
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In the rib of the central region land part row may be 
arranged sipes 16 extending in a direction crossing the rib for 
enhancing the ground contacting property and ensuring an edge 
component in the widthwise direction of the tread. 

FIG. 3 is a developed view of a tread pattern illustrating 
another embodiment. 

In this case, three or more circumferential main grooves, 
four grooves 2-5 in the figure continuously extending straightforward 
in a circumferential direction of a tread are formed in the tread 
asymmetrically with respect to the equatorial line E of the tire, 
whereby there are defined a central region land part row 6 located 
nearest to the equatorial line E and extending on the equatorial line in 
the figure, two land part rows consisting of a shoulder land part row 7 
located at a side of a tread end and a second inner land part row 8 
located between the shoulder land part row 7 and the central region 
land part row 6 in a left-half side region being an axially inner side in 
the figure, and two land part rows consisting of another shoulder land 
part row 9 located at a side of a tread end and a second outer land part 
row 9 located between the shoulder land part row 9 and the central 
region land part row 6 in a right-half side region being an axially outer 
side in the figure. 

In this figure, the central region land part row 6 somewhat 
biased toward to the axially inner side is rendered into a rib, while the 
shoulder land part row 7 of the axially inner side is divided into two 
portions in the widthwise direction of the tread through a fine groove 

17 extending in the circumferential direction of the tread wherein a 
divided portion located to a side of the tread end is a narrow-width rib 

18 and a divided portion located near to the tread center is a wide- 
width rib 19 somewhat wider than the above divided portion. 

A total volume of lateral grooves, which may be formed in 
the wide-width rib 19 but is not formed in the figure, per unit width in 
the circumferential direction of the tread is made smaller than that of 
plural lateral grooves 11 formed in the shoulder land part row 9 of the 



-32- 



03859 (PCT/JP03/11162) 

axially outer side, and an average extending angle of the lateral groove 
11 with respect to the widthwise direction of the tread is preferably 
not more than 15°. 

Further, a plurality of small holes 20 separated from the 
groove are formed in the wide-width rib 19. Preferably, a total 
volume of these small holes 20 in the circumferential direction of the 
tread is made larger at a side of the fine groove 17 than at a side of the 
tread center as shown, for example, in FIG. 4. 

Moreover, the total volume of the small holes 20 is made 
larger at the side of the fine groove by making the forming density of 
the small holes 20 large at the side of the fine groove in this figure. 
Alternatively or in addition thereto, the required total volume may be 
obtained by making at least one of hole diameter and hole depth large 
at the side of the fine groove. 

As shown by a cross-sectional view in FIG. 5, the groove 
width of the circumferential main groove 17 formed in the shoulder 
land part row 7 of the axially inner side is preferable to be gradually 
or stepwise widened toward a side of the tread surface. Also, in the 
narrow-width rib 18 divided and formed by the fine groove 17, a side 
face thereof at the tread end face is preferable to be a concave curved 
form having a center of curvature at an outer side of a cross-sectional 
profile line as illustrated in FIG. 5. 

More preferably, the tread and hence the tread contacting 
face is so constructed that at least a part of the small hole forming 
region in the wide-width rib 19 is included in a ground contact region 
enclosed by a ground contact profile line in FIG. 6 under an action of a 
load corresponding to 40% of a maximum load capacity during the 
rotation of the tire at a camber angle of -0.5° under loading. 

In addition, a plurality of slant grooves 13 extending at an 
average angle of preferably not less than 45° with respect to the 
widthwise direction of the tread are formed in the second inner land 
part row 8, and these slant grooves 13 are at least opened to the 
circumferential main groove 2 extending at the side of the tread end. 
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The slant groove 13 opened at both ends to the mutually 
adjoining circumferential main grooves 2, 3 in the figure may develop 
sufficient drainage performance in a tire of a directional pattern in 
which the rotating direction of the tire is specified into one direction 
when the inclination direction of the groove with respect to the 
equatorial line E is constant, but in a tire not specifying the rotating 
direction, it is preferable that the extending directions of the slant 
grooves with respect to the equatorial line E of the tire are opposite to 
each other in the circumferential direction as shown in the figure in 
order to ensure the drainage performance even in any rotating 
directions. 

Also, it is preferable that the depth of the slant groove is 
gradually deepened from the side of the equatorial line of the tire 
toward the side of the tread end in order to simultaneously establish 
the sufficient drainage performance and the high land part rigidity. 

Furthermore, in connection with the slant groove 13 
extending at an average angle of not less than 45° with respect to the 
widthwise direction of the tread and the other lateral grooves, it is 
preferable that a slant face 21 gradually decreasing a height toward a 
top and having a flat face, a convex curved face or the like as shown 
by oblique lines in the figure is formed in an acute corner part of a 
block sandwiched between the slant groove and the circumferential 
groove, at least an acute corner part located at the side of the 
equatorial line of the tire as shown in FIG. 3, whereby it is attempted 
to improve the drainage property while ensuring the rigidity of the 
acute corner part. 

Moreover, as shown in FIG. 3, a plurality of lateral grooves 
14 opening at one end to the circumferential groove and terminating at 
the other end in the land part row are arranged in the second outer land 
part row 10 so as to alternately open to the adjoining circumferential 
main grooves 4, 5 in the circumferential direction of the tread. 

FIG. 7 is a developed view of a tread pattern illustrating the 
other embodiment wherein a widthwise center line C of the central 
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region land part row 6 is biased to a direction of the axially inner side 
in which the ground contact length of the tread becomes long through 
the application of a camber angle with respect to the equatorial line E 
of the tire and a plurality of widthwise fine grooves 22 extending at an 
average angle of 5-45° with respect to the widthwise direction of the 
tread and having a groove width of not more than 2 mm are formed in 
the land part row 6 to allow circumferential deformation of the land 
part row 6 as a rib. 

In this case, an arranging pitch of these widthwise fine 
grooves 22 alternately extending opposite to each other in the 
circumferential direction for ensuring a rigidity balance of the land 
part row 6 or the like can be selected by considering escape 
deformation of rubber in the circumferential direction and reservation 
of widthwise rigidity. 

At least a part of the thus formed widthwise fine grooves 22 
may be terminated at both ends in the rib. Also, each of the fine 
grooves 22 is preferable to be formed so as to incline in a depth 
direction in form of a flat face, a curved face or the like provided that 
the fine groove is separated away from each other in a groove width 
direction as shown by oblique lines in partial perspective views of 
FIGS. 8(a) and (b). 

Moreover, the inclination direction may be a circumferential 
direction, a direction perpendicular to the opening of the fine groove 
or the like, and also three or more inclined portions may be formed in 
one fine groove 22. 

As to the pair of straight circumferential main grooves 3, 4 
defining the central region land part row 6, it is preferable that the 
groove located at the side of the second inner land part row 8 is made 
wider than the groove located at the side of the second outer land part 
row 10 as shown in FIG. 9, whereby the drainage property is enhanced 
to suppress the columnar resonance sound. 

FIG. 10 is a view of a main part of the other embodiment, in 
which a center line C of the central region land part row 6 is biased 
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toward a side of prolonging the ground contact length by the applica- 
tion of a camber angle with respect to the equatorial line E, and a 
plurality of recesses 23 having substantially an ellipsoidal form are 
formed in the land part row as a rib at a posture of inclining a major 
axis at an angle of 5-45° with respect to the widthwise direction of the 
tread and the extending directions of the major axes of these recesses 
23 are alternately opposed in the circumferential direction of the tread 
and further a portion of the land part row 6 located at the side of the 
second inner land part row 8 is defined by the circumferential main 
groove 3 linearly extended. 

Moreover, the recess is possible to be an oval form or the 
like. As shown in FIG. 10(b), at least a part of the recesses 23 may 
be provided at both ends of the major axis with sipes 24 extending in 
the major axis direction of the recess 23. Also, the sipe 24 may be 
arranged only at the one end side of the recess, or the length of the 
sipe 24 may be terminated in the land part row or opened to the 
circumferential main groove. 

In the tire as mentioned above, each of the blocks 12 defined 
in the shoulder land part row of the axially outer side by the lateral 
grooves 11 may be provided with a peripheral upheaved portion 25 
gradually decreasing a surface height toward at least one of a side 
edge of the block and a central region of the block as shown by a 
widthwise sectional view in FIG. 11, toward both in the figure. 
The peripheral upheaved portion 25 functions to uniformize the ground 
contact pressure in the contacting of the block 12 with ground. 

FIG. 12 is a developed view of a tread pattern illustrating the 
other embodiment. 

In this case, a circumferential fine groove 17 is formed in 
the shoulder land part row 7 of the axially inner side to divide the 
shoulder land part 7 into a narrow-width rib 18 located at the side of 
the tread end and a wide-width rib 19 located at the side of the 
equatorial line, and slant grooves 13 extending at an equal inclination 
angle in the same direction are formed in the second inner land part 
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row 8 and opened to the circumferential main grooves 2, 3 to render 
the land part row 8 into a block row consisting of blocks 26, and 
lateral grooves 11 in the shoulder land part row 9 of the axially outer 
side are extended substantially in the widthwise direction of the tread. 

When the second inner land part row 8 is rendered into the 
above block row, each height of a leading edge 26 and a trailing edge 
27 in each block 26 constituting the block row is varied in the width- 
wise direction of the tread as shown by a schematic perspective view 
in FIG. 13(a), while each high height portion can be extended in the 
circumferential direction of the tread while changing positions in the 
widthwise direction of the tread in accordance with the positions in the 
circumferential direction as shown by oblique lines in the figure. 
In this case, it is preferable that both the heights are continuously 
formed in the circumferential direction of the tread as shown in the 
figure. 

In the illustrated embodiment, the high height portion of the 
leading edge 27 first contacting with ground is biased toward the side 
of the equatorial line of the tire, and also the high height portion of 
the trailing edge 28 latest separating from the road surface is biased 
toward the shoulder side of the axially inner side, but the biasing 
directions of these height portions can be opposed thereto. Also, the 
extending form of the high height portion in the circumferential 
direction of the tread is rendered into a bending form as shown in FIG. 
13(b), whereby the high height portions of the leading edge 27 and the 
trailing edge 28 can be biased toward the shoulder side of the axially 
inner side, or both the portions can be biased in an opposite direction 
thereto. 

Furthermore, the extending form of the high height portion 
can be rendered into a zigzag form as shown in FIG. 13(c). 

FIG. 14 is a view illustrating a further embodiment, in which 
the slant grooves 13 formed in the second inner land part row 8 are 
extended in the form convexly curving downward in the figure, while a 
slant face 29 gradually decreasing a height toward a tapered end as 
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shown by oblique lines in the figure is formed in an acute corner 
portion of each block 26 sandwiched between the slant groove 13 and 
the circumferential main groove 3, whereby the rigidity of the block 
26, particularly the acute corner portion thereof in the widthwise 
direction of the tread can be enhanced, and the volume of the groove 
portion can be substantially increased. 

Such a slant face can be formed in the block or the like other 
than the block 26. This is particularly effective with respect to the 
acute corner portion defined by the lateral groove, slant groove or the 
like extending at an average angle of not less than 45° with respect to 
the widthwise direction of the tread and the circumferential main 
groove. 

Moreover, numeral 30 is a sipe formed in the wide-width rib 
19 in the shoulder land part row 7 of the axially inner side. 

FIG. 15 is a view illustrating a still further embodiment. 
In the circumferential main groove 3 located at the side of the 
equatorial line of the tire opening the slant groove 13 formed in the 
second inner land part row 8, a projection part 32 projecting into the 
groove is integrally disposed on the groove bottom in a groove wall 31 
of the circumferential main groove 3 opposite to a groove wall opening 
to the slant groove 13 at an opening position of the groove 13 opposite 
to the widthwise direction of the tread. According to this embodiment, 
the difference of rigidity in the second inner land part row 8 due to the 
presence of the slant groove 13 during the running of the tire under 
loading can be mitigated by the projection parts 32 to reduce the strike 
sound of the edge of the slant groove 13 on the road surface. 

In the illustrated embodiment, the projection part 32 is 
arranged on alternate opening of the slant groove to the circumfer- 
ential main groove 3, but the projection part 32 may be arranged in 
positions corresponding to all openings. Also, the projection part 
may be arranged in correspondence with the opening position of the 
other lateral groove. 

In an embodiment shown in FIG. 16, a width of the slant 
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groove 13 formed in the second inner land part row 8 and extending 
curvedly in a convex form downward in the figure is made narrower 
than that shown in FIG. 14, and a depth thereof is gradually deepened 
from the side Pi of the equatorial line of the tire toward the side P 2 of 
the tread end as shown by a graph in FIG. 16(b). 

In an embodiment of FIG. 17, the extending directions of the 
slant grooves 13 formed in the second inner land part row 8 with 
respect to the equatorial line of the tire are opposite to each other in 
the circumferential direction of the tread likewise FIGS. 3, 6, 7 and 
the like, and also one end of each of the lateral grooves 14 formed in 
the second outer land part row 10 is alternately opened to the 
circumferential main grooves 4, 5 sandwiching the outer land part row 
10 in the circumferential direction of the tread and the other end 
thereof is terminated in the land part, and further sipes 30 alternately 
changing the inclination direction in the circumferential direction are 
formed in the wide-width rib 19 of the shoulder land part row 7 of the 
axially inner side as shown in FIG. 14. 

In each of the thus constituted land part rows, an integral 
value of the rigidity in the widthwise direction of the tread over a full 
ground contact length is within a range of 50% from a large value 
between mutually adjacent land part rows. 

FIG. 18 is a view showing the above case by a rigidity index, 
in which the rigidity indexes of the land part rows are 90, 60, 100, 110 
and 120 in order from the shoulder land part row of the axially inner 
side located at the left side of the figure. 

FIG. 19 shows a further embodiment in which a sum of 
extending components in the widthwise direction of the tread of edges, 
which may be particularly formed in the shoulder land part row of the 
axially inner side, edges 34 formed by the lateral grooves 33 in the 
shoulder land part 7 in the figure is made smaller than a sum of 
extending components in the widthwise direction of the tread of edges 
35 formed by the lateral grooves 11 in the shoulder land part row 9 of 
the axially outer side and at the same time a plurality of slant grooves 
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13 extending at an average angle of not less than 45° with respect to 
the widthwise direction of the tread and opening to at least the circum- 
ferential groove 1 are formed in the second inner land part row 8. 

In the embodiment of this figure, all of the lateral grooves 

14 formed in the second outer land part row 10 are opened to only the 
circumferential groove 5 at the side of the tread end and the other ends 
thereof are terminated in the land part row. 

FIG. 20 shows a modified example of the above case, in 
which sipes 36 are formed in the wide-width rib 19 divided by the fine 
groove 17 in the shoulder land part row 7 of the axially inner side 
instead of the above lateral grooves 23 to form edges with these sipes 
36, while sipes 37 are formed in the shoulder land part row 9 of the 
axially outer side in addition to the lateral grooves 11 to form edges 
with these sipes and grooves. 

In the asymmetrical pattern tires as mentioned above, in 
order to suppress the occurrence of conicity force directing to a 
direction of the axially outer side when an effective ground contact 
area S ou t of the outer side mounting portion shown by oblique lines in 
the figure is made larger than an effective ground contact area S[ n of 
the inner side mounting portion by differing the negative ratio between 
the inner side mounting portion and the outer side mounting portion in 
the tread ground contact face under a condition that the tire is mounted 
onto an approved rim and inflated under a defined air pressure and 
loaded under a mass corresponding to a maximum load capacity as the 
tread ground contact face is schematically shown in FIG. 21(a), the tire 
is effective to be constituted by selecting an inner surface form of a 
vulcanization mold or the like so that radial distances H in , H out from 
tangential line T on an outer surface of the tread perpendicular to an 
equatorial plane EP of the tire to ground contact edges EI and EO of 
the tread become large in the axially inner side having a small 
effective ground contact area (H in > H out ) as shown by a schematically 
section view in the widthwise direction of the tire at a state of 
inflating under a normal air pressure in FIG. 21(b). 
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This is true in case of setting the magnitude relation of the 
effective ground contact area opposite to the above. In the latter case, 
the tire is constituted in such a manner that the radial distances H in , 
H out satisfy the relation of H ou t > H in . 

In this case, it is more preferable to satisfy a relation of S- 
large/S-small = A x (H( S - S maii side)/H (S -iarge side)) in which A is 1.0-1.4 
when a large effective ground contact area is S-large and a small 
ground contact area is S-small and a radial distance at a side of large 
effective ground contact area is H( S -i a r g e side) and a radial distance at a 

Small Side is H(s-small side). 

FIG. 22 is a section view of a main part illustrating an 
embodiment of the tire-wheel assembly according to the invention. 
In case of mounting the aforementioned tire in which the compression 
rigidity of the shoulder land part row in the axially inner side is small 
onto a wheel, a connection part 41 between a rim 39 and a disc 40 in a 
wheel 38 is located at an outer side of a vehicle to be mounted with 
respect to the equatorial plane EP of the tire. 

According to this embodiment, the transmission of vibrations 
from the tire to an axle can be advantageously controlled based on the 
lowering of the compression rigidity of the shoulder land part row of 
the axially inner side. 
[Example 1] 

Each of example tires and comparative example tires having 
a tire size of 225/55 R16 is assembled onto a rim of 7.0J-16 and filled 
under an air pressure of 210 kPa and mounted onto a vehicle. 
The vehicle is actually run at a state of two crewmen riding under a 
condition that a negative camber of a front wheel is 0.3° and a 
negative camber of a rear wheel is 0.5°, during which a wear ratio of 
shoulder land part rows, a speed generating a hydroplaning 
phenomenon, a vehicle interior noise and a steering stability on a dry 
road surface are measured. 

Example tire 1 has a tread pattern shown in FIG. 1, in which 
a slant groove in a second inner land part row has an angle of 45° with 
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respect to a widthwise direction of a tread and an extending angle of a 
lateral groove in a second outer land part row is 30° and an average 
extending angle of a lateral groove in a shoulder land part row of an 
axially outer side is 15°. 

Example tire 2 has a tread pattern shown in FIG. 2, in which 
an angle of each groove is the same as in Example tire 1. 

Example tire 3 has a tread pattern shown in FIG. 12 in which 
an extending angle of a slant groove in a second inner land part row is 
50° and an angle of a lateral groove in a second outer land part row is 
30° and an angle of a lateral groove in a shoulder land part row of an 
axially outer side is 0°. 

Example tire 4 has a tread pattern shown in FIG. 1 in which 
the groove angle is the same as in Example tire 1 and a peripheral 
upheaved portion as shown in FIG. 11 is provided on a block in a 
shoulder land part row of an axially outer side. 

Example tire 5 has a tread pattern shown in FIG. 12 in which 
the groove angle is the same as in Example tire 3 and a high height 
portion of an extending embodiment shown in FIG. 13(a) is provided 
on a block in a second inner land part row. 

Example tire 6 has a tread pattern shown in FIG. 14 in which 
an average angle of a slant groove in a second inner land part row is 
60° and an angle of a lateral groove in a second outer land part row is 
30° and an angle of a groove in a shoulder land part row of an axially 
outer side is 0°. 

Example tire 7 has a tread pattern shown in FIG. 15 in which 
an angle of a slant groove in a second inner land part row is 45° and 
an angle of a lateral groove in a second outer land part row is 30° and 
an angle of a groove in a shoulder land part row of an axially outer 
side is 0°. 

Example tire 8 has a tread pattern shown in FIG. 16 in which 
an average angle of a slant groove in a second inner land part row is 
60° and a depth of the slant groove is changed from 2.0 mm to 6.5 mm 
and an angle of a lateral groove in a second outer land part row is 30° 
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and an angle of a lateral groove in a shoulder land part row of an 
axially outer side is 0°. 

Example tire 9 has a tread pattern shown in FIG. 17 in which 
an angle of a slant groove in a second inner land part row is ±50° and 
an average angle of a lateral groove in a second outer land part row is 
30° and an angle of a lateral groove in a shoulder land part row of an 
axially outer side is 0°. 

Comparative Example tire 1 has a tread pattern shown in 
FIG. 23 in which an angle of a lateral groove in a shoulder land part 
row of an axially inner side is 10° and an angle of a slant groove in a 
second land part row is 50° and an angle of a lateral groove in a 
second outer land part row is 30° and an angle of a lateral groove in a 
shoulder land part row of an axially outer side is 10°. 

Comparative Example tire 2 has a tread pattern shown in 
FIG. 24 in which an angle of a slant groove in a second inner land part 
row is 40° and an angle of a lateral groove in a second outer land part 
row is 30° and an angle of a lateral groove in a shoulder land part row 
of an axially outer side is 17°. 
Test Method 
Wear ratio 

After the running over 2000 km at a ratio of express way, 
general-purpose road and mountain path of 50%, 40% and 10%, worn 
amounts of widthwise central portions of both shoulder land part rows 
are measured, from which a ratio of both is determined for evaluation. 
A case that the axially inner side is largely worn is shown by a 
numerical value of not more than 1, while a case that the axially outer 
side is largely worn is shown by a numerical value of not less than 1. 
Moreover, a preferable range of the wear ratio is 1.0-1.2. 
Speed generating hydroplaning phenomenon 

The speed generating the hydroplaning phenomenon is 
evaluated by a test driver when an acceleration test is carried out from 
a speed of 50 km/h in a pool having a water depth of 6 mm. The result 
is represented by an index of an average speed generating hydroplaning 
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phenomenon on left and right wheels and is better as the index value 
becomes large. 
Vehicle interior noise 

A noise level is measured on a microphone placed at a side 
of a central part of the vehicle about a driver's ear during the running 
at a constant speed of 60 km/h on a smooth road surface of a test 
circuit course. The noise is represented by an index in which the 
larger the index value, the lower the noise. 
Steering stability 

It is evaluated by a driver's feeling during the running on a 
dry road surface of a test circuit course. The result is represented by 
an index, in which the larger the index value, the better the result. 



These test results are shown in Table 1. 

Table 1 





Figure 


Wear 
ratio 


Speed 
generating 
hydroplaning 


Noise 


Steering 
stability 


Comparative 
Example tire 1 


FIG. 23 


0.9 


110 


100 


100 


Comparative 
Example tire 2 


FIG. 24 


1.0 


100 


110 


90 


Example tire 1 


FIG. 1 


1.0 


110 


101 


110 


Example tire 2 


FIG. 2 


1.0 


105 


110 


110 


Example tire 3 


FIG. 12 


1.1 


115 


110 


120 


Example tire 4 


FIG. 1 + FIG. 11 


1.0 


110 


101 


125 


Example tire 5 


FIG. 12 + FIG. 13(a) 


1.1 


115 


125 


120 


Example tire 6 


FIG. 14 


1.05 


120 


110 


125 


Example tire 7 


FIG. 15 


1.1 


112 


115 


110 


Example tire 8 


FIG. 16 


1.1 


115 


113 


125 


Example tire 9 


FIG. 17 


1.05 


125 


105 


110 



As seen from Table 1, in the example tires, the excellent 
resistance to uneven wear can be ensured while effectively attaining 
the improvement of the resistance to hydroplaning, the reduction of the 
vehicle interior noise and the improvement of the steering stability. 
[Example 2] 

Each of example tires and comparative example tires having 
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a tire size of 215/45 R17 and a tread pattern shown in FIG. 25 is 
assembled onto a rim of 7.5J x 17 and filled with an internal pressure 
of 220 kPa, and a camber angle of -0.5° is applied to make a ground 
contact length of an axially inner side long, and thereafter a slip angle 
is changed from 0 degree to 5 degrees at a speed of 30 km/h to 
measure a cornering force generated. 

When a difference of cornering force between 0 degree and 1 
degree is Cfl and a difference of cornering force between 0 degree and 
2.5 degrees is Cf2 and a difference between 0 degree and 5 degrees is 
Cf3, if Cf2/Cfl is 2.5 and Cf3/Cfl is 5, the cornering force is linearly 
generated, while if Cf2/Cfl is larger than 2.5, the cornering force 
increases non-linearly at a position having a large slip angle, and if 
Cf2/Cfl is smaller than 3, the cornering force decreases non-linearly. 

In these tires, an integral value of rigidities of the land part 
rows shown in FIG. 25 in the widthwise direction of the tread is 
represented by an index in Table 2, and a ratio of cornering forces 
measured is shown in Table 3. 

Moreover, the index value in Table 2 shows that the value is 
large as the rigidity becomes high. 



Table 2 





Inner 
shoulder 


Second inner 
stretching 
side 


Vicinity 
of central 
portion 


Second outer 
contracting 
side 


Outer 
shoulder 


Comparative 
Example tire 3 


210 


100 


100 


100 


210 


Comparative 
Example tire 4 


180 


100 


100 


210 


450 


Comparative 
Example tire 5 


50 


80 


100 


110 


50 | 


Example tire 10 


100 


100 


100 


100 


100 


Example tire 11 


180 


100 


100 


100 


80 


Example tire 12 


80 


50 


100 


100 


100 
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Table 3 





Cf2/Cfl 


Cf3/Cfl 


Comparative Example tire 3 


2.5 


5.5 


Comparative Example tire 4 


3.0 


5.8 


Comparative Example tire 5 


2.5 


4.5 


Example tire 10 


2.5 


5.0 


Example tire 11 


2.5 


5.1 


Example tire 12 


2.6 


5.0 



As seen from Table 3, all of Example tires 10-12 can 
increase the cornering force substantially linearly, while the cornering 
force becomes non-linear at a position having a large slip angle in 
Comparative Example tires 3 and 5 and at a position having a small 
slip angle in Comparative Example tire 4. 
[Example 3] 

Each of example tires and comparative example tires having 
a tire size of 235/45 R17 is assembled onto a rim of 8J x 17 under an 
internal pressure of 210 kPa and mounted onto a vehicle in which a 
camber angle at a front wheel is -0.4° and that at a rear wheel is -0.6° 
at a state of two crewmen riding. 

® This vehicle is subjected to a wearing test. The test 
condition is that it is run on an expressway, a general purpose road and 
a mountain path at a ratio of 50%, 40% and 10% over 20000 km. 
After the running, a ratio of worn amounts of widthwise central 
portions of both shoulder land part rows in two front wheels is 
measured. A case that the ratio is larger than 100 shows that the 
axially inner side is largely worn, and a case that the ratio is smaller 
than 100 shows that the axially outer side is largely worn. 

© The vehicle is subjected to an acceleration test from a speed 
of 50 km/h in a pool having a water depth of 6 mm to thereby evaluate 
a speed generating hydroplaning by a test driver. The result is 
represented by an index of an average speed generating hydroplaning 
phenomenon on left and right wheels and is better as the index value 
becomes large. 
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© A noise is measured in the vehicle on a smooth road surface 
of a test circuit course. It is measured by a microphone placed at a 
central portion of the vehicle about a driver's ear during the running at 
a constant speed of 60 km/h. The noise is represented by an index, in 
which the larger the index value, the lower the noise. 

These test results are shown in Table 4. 
O Comparative Example tire 6: has a tread pattern shown in FIG. 26 
wherein lateral grooves having an angle of 12° with respect to the 
widthwise direction are formed in a shoulder land part row of an 
axially inner side and slant grooves having an angle of 55° are formed 
in a second inner land part row, and a central region is a rib, and 
lateral grooves having an angle of 35° are formed in a second outer 
land part and lateral grooves having an angle of 12° are formed in an 
outer shoulder land part row. 

O Comparative Example tire 7: has a tread pattern shown in FIG. 27 
wherein a shoulder land part row of an axially inner side is a rib and 
slant grooves having an angle of 42° are formed in a second inner land 
part, and sipes are formed in a rib of a central region, and lateral 
grooves extending at an angle of 32° and opening to only an axially 
outer side are formed in a second outer land part row and lateral 
grooves having an angle of 32° are formed in a shoulder land part row 
of the axially outer side. 

O Example tire 13: has a tread pattern shown in FIG. 28 wherein a 
shoulder land part row of an axially inner side is a rib and slant 
grooves having an angle of 42° are formed in a second inner land part, 
and sipes are formed in a rib of a central region, and lateral grooves 
having an angle of 32° are formed in a second outer land part row and 
lateral grooves curving convexly upward and having an average angle 
of 12° are formed in a shoulder land part row of an axially outer side. 
O Example tire 14: has a tread pattern shown in FIG. 29, which is 
different from the example tire 13 in only a point that the lateral 
groove in the second outer land part row is opened only to the axially 
outer side. 
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O Example tire 15: has a tread pattern shown in FIG. 30 wherein a 
shoulder land part of an axially inner side is divided into two parts and 
slant grooves having an angle of 55° are formed in a second inner land 
part row, and a sipes are formed in a rib of a central region, and lateral 
grooves having an angle of 32° and formed in a second outer land part 
row are opened only to an axially outer side and lateral grooves having 
an angle of 5° are formed in a shoulder land part row of the axially 
outer side. 

O Example tire 16: has a tread pattern shown in FIG. 28, which is 
different from the example tire 13 in points that an angle of the slant 
groove formed in the second inner land part row is 45° and a 
peripheral upheaved portion shown in FIG. 11 is provided on a block 
of the outer shoulder land part row. 

O Example tire 17: has a tread pattern shown in FIG. 30, which is 
different from the example tire 15 in a point that heights of leading 
edge and trailing edge in a land part of each of the second inner land 
part row and the second outer land part row differ in the widthwise 
direction of the tread and each of high height portions is extended 
linearly in a circumferential direction of the tread while changing 
positions in the widthwise direction of the tread in accordance with the 
circumferential positions and continued in the circumferential 
direction. 

O Example tire 18: has a tread pattern shown in FIG. 31, which is 
the same as Example 15 except points that sipes are formed in a wide- 
width rib of a shoulder land part of the axially inner side and the slant 
groove formed in the second inner land part row is a downward convex 
curve at an average extending angle of 60° and a slant face gradually 
decreasing a height toward a top end side is formed in an acute corner 
part of a block defined by the slant grooves. 

O Example tire 19: has a tread pattern shown in FIG. 32, which is 
the same as in FIG. 31 except that projection parts are arranged on a 
side wall of a central region rib in correspondence with positions of 
slant grooves of 45° formed in a second inner land part row and 
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opening to the side of the central region rib and at a pitch 
corresponding to two openings. 

O Example tire 20: has a tread pattern shown in FIG. 33, which is 
the same as in FIG. 30 (Example tire 15) except that a slant groove 
formed in the second inner land part row is a downward convex curve 
at an average extending angle of 60° and a depth of the slant groove is 
2 mm at an end of a tread center side and is gradually deepened toward 
a side of a tread end and is 6.5 mm at an opening end to the 
circumferential main groove located at the shoulder side. 
O Example tire 21: has a tread pattern shown in FIG. 34, wherein 
sipes are formed in a wide-width rib divided in a shoulder land part 
row of an axially inner side and slant grooves are formed in a second 
inner land part row at an angle of 50° and the extending directions 
thereof are alternately opposed to each other in the circumferential 
direction, and sipes are formed in a central region rib, and one end of 
a lateral groove formed in a second outer land part row is alternately 
opened to the adjoining circumferential grooves in the circumferential 
direction and the other end thereof is terminated in the land part row, 
and an angle of a lateral groove formed in an outer shoulder land part 
row is 5°. 
Table 4 





Figure 


Wear 
ratio 


Resistance to 
hydroplaning 


Silentness 


Steering 
stability 


Comparative 
Example tire 6 


FIG. 26 


115 


100 


100 


100 


Comparative 
Example tire 7 


FIG. 27 


92 


90 


100 


95 


Example tire 13 


FIG. 28 


97 


105 


101 


105 


Example tire 14 


FIG. 29 


97 


105 


105 


105 


Example tire 15 


FIG. 30 


100 
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105 


110 


Example tire 16 


FIG. 28 + FIG. 11 
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Example tire 17 


FIG. 30 + FIG. 13(a) 


100 
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110 


Example tire 18 
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Example tire 19 
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98 
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Example tire 20 


FIG. 33 


98 


110 


103 


125 


Example tire 21 
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100 


113 


103 


105 
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[Example 4] 

PSR 205/65R15, rim: 6JJ x 15, internal pressure: 200 kPa, 
two load levels of 0.588 kN and 0.235 kN. 

There are carried out indoor wear test on a shoulder land part 
row of an axially inner side at a camber of 0.5 degree and an indoor 
test of generating a hydroplaning phenomenon. 

Also, the number of foreign matters such as stones or the 
like bitten in fine grooves formed in the shoulder land part row of the 
axially inner side is measured after the running of a vehicle on 
general-purpose road over 1000 km. 

Comparative Example tire 8: A pattern is similar to that of FIG. 35, 
wherein a center line of a rib in a central region is coincident with an 
equatorial line of the tire, and small holes are not formed in a shoulder 
land part row of an axially inner side, and a width of a fine groove in a 
circumferential direction of the shoulder is substantially constant in a 
depth direction, and lateral grooves extending at an angle of 5° in the 
widthwise direction are formed in a shoulder land part row of an 
axially outer side. 

Moreover, this tire is included in the invention of claim 1. 
Example tire 22: has a pattern shown in FIG. 36, wherein small holes 
formed in a shoulder land part row of an axially inner side are dense at 
a shoulder side and rough at a center side as shown in FIG. 4, and 
three-dimensional sipes of three-divided type shown in FIG. 8(b) are 
formed in a central land part row, and a width of a circumferential fine 
groove in a shoulder is gradually decreased from a surface toward 
bottom so as to be 3 mm at a surface of a new tire tread and 0.5 mm at 
a groove bottom. 

The performance is represented by an index in Table 5 using 
the comparative example tire 8 as a control, in which the larger the 
index value, the better the result. 
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Figure 


Wear 
(load: 0.588 kN) 


Wear 
(load: 0.235 kN) 


Hydro- 
planing 


Number 
of foreign 
matters 


Comparative 
Example tire 8 


FIG. 35 


100 


100 


100 


100 


Example tire 22 


FIG. 36 


110 


108 


110 


670 



[Example 5] 

After each of example tires and comparative example tire 
having a tire size of 215/45 R17 is assembled onto a standard rim and 
adjusted to 220 kPa, the resistance to hydroplaning and steering 
stability in straight running on a test circuit course are evaluated by 
feeling and the worn amount of a tread center portion is measured by 
running the vehicle over 20000 km as to center wearing. The results 
are shown in Table 6 using a comparative example tire 11 as a control. 

• Comparative Example tire 9 

It has a tread pattern shown in FIG. 35 wherein a central 
region land part row is a rib having a width of 18 mm. 

Moreover, this tire is included in the invention of claim 1 as 
previously mentioned. 

• Example tire 23 

In a tread pattern shown in FIG. 35, a plurality of sipes 
extending at an angle of 15° with respect to a widthwise direction of 
the tire in the same direction are formed in a central region rib at 
intervals of 30 mm in the circumferential direction over a full width of 
the rib and a depth of the sipe is 10 mm and an opening width thereof 
is 0.4 mm, and each of the sipes is divided into three parts as shown in 
FIG. 8(b) and inclined at an angle of ±22.5° with respect to a radial 
direction of the tire in a depth direction. 

• Example tire 24 

In a tread pattern shown in FIG. 35, a plurality of ellipsoidal 
recesses inclined in the circumferential direction are formed in a 
central region rib at intervals of 30 mm in the circumferential direction, 
and a length of a major axis of the recess is 13 mm and an inclination 
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angle of the major axis with respect to the widthwise direction of the 
tire is 15° and a length of a minor axis thereof is 3 mm. 
Table 6 
Table 6 





Figure 


Steering 
stability 
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hydroplaning 
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Comparative 
Example tire 9 


FIG. 35 


100 


100 


100 


Example tire 23 


FIG. 35 


105 


108 


105 


Example tire 24 


FIG. 35 


102 


108 


104 



[Example 6] 

With respect to each of example tire and comparative 
example tires having a tire size of 205/66 R15, the conicity force on a 
tire-wheel assembly is measured and the steering stability and 
resistance to hydroplaning are measured to obtain results as shown in 
Table 7. 

In this table, Example tire 25 has a tread pattern shown in 
FIG. 12, wherein circumferential main grooves having a depth of 8 mm 
are asymmetrically arranged in axially inner side and outer side to be 
mounted, and a ratio of effective ground contact area S ou t at the axially 
outer side to ground contact area Si n at the axially inner side bordering 
the equatorial line E of the tire is 1.14, and a radial distance from a 
tangential line T on an outer side surface of the tread at a position 
corresponding to 80% of a tread width W is 5.8 mm at the axially outer 
side and 6.2 mm at the axially inner side. 

Comparative Example tire 10 has a symmetrical tread pattern 
shown in FIG. 37, wherein circumferential main grooves having a 
depth of 8 mm are symmetrically arranged with respect to the 
equatorial line of the tire to substantially equalize the effective ground 
contact area at the axially inner side and axially outer side, and the 
radial distance from a tangential line T on an outer side surface of the 
tread at a position corresponding to 80% of a tread width W is made 
substantially equal at the axially inner side and axially outer side. 
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The steering stability is evaluated by feeling in the running 
on a test circuit course, and the resistance to hydroplaning is evaluated 
by feeling in the running on a straight road surface having a water 
depth of 6 mm. Moreover, the larger the index value in the table as to 
these performances, the better the result. 

Also, the conicity force is determined by an average of found 
values on 10 tires of each example. 



Table 7 
Table 7 
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FIG. 12 


105 


108 


20 


Comparative 
Example tire 10 


FIG. 37 


100 


100 


18 


Comparative 
Example tire 11 


FIG. 12 


108 


108 


86 



As seen from Table 7, the example tire produces high 
steering stability and resistance to hydroplaning and can control the 
conicity force to the same extend as in the symmetrical pattern of 
Comparative example tire 10. 

[INDUSTRIAL APPLICABILITY OF THE INVENTION] 

As seen from the above, according to the invention, the 
resistance to hydroplaning and steering stability are improved and the 
noise in the rotation of the tire can be advantageously reduced without 
lowering the resistance to uneven wear. 
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